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BUS SYSTEM AND METHODS OF 
OPERATION USING A COMBINED DATA 
AND SYNCHRONIZATION LINE TO 

COMMUNICATE BETWEEN BUS MASTER 
AND SLAVES 

BACKGROUND OF THE INVENTION 

The present invention relates to a bus system and to meth 
ods of operating the bus system. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is noW made to the 
following descriptions taken in conjunction With the accom 
panying draWings, in Which: 

FIG. 1 shoWs a ?rst embodiment of a bus system; 
FIG. 2 shoWs a second embodiment of a bus system; 
FIG. 3 shoWs a third embodiment of a bus system; 
FIG. 4 shoWs a fourth embodiment of a bus system; 
FIG. 5 shoWs a ?fth embodiment of a bus system; 
FIG. 6 shoWs a sixth embodiment of a bus system; 
FIG. 7 shoWs ?oW diagrams of embodiments for initialiZ 

ing a bus system; 
FIG. 8 shoWs a How diagram of an embodiment for fre 

quency detection in FIG. 7; 
FIG. 9 shoWs a timing diagram of an embodiment of com 

munication in a bus system; 
FIG. 10 shoWs an embodiment of a data format for use in a 

bus system; 
FIGS. 11-19 shoW embodiments of commands used for 

communication in a bus system; and 
FIGS. 20A-20C shoW an embodiment of a frame used for 

communication in a bus system. 

DETAILED DESCRIPTION OF THE INVENTION 

In the folloWing, embodiments of bus systems according to 
the present invention Will be discussed. After that, embodi 
ments of methods of operation of bus systems Will be 
described. 

FIGS. 1-6 shoW embodiments of bus systems according to 
the present invention. In general, the embodiments Which Will 
be described comprise a ?rst data line for sending data from a 
bus master to one or more bus slaves, a second data line for 
sending data from said bus slaves to said bus master, and a 
clock line for supplying a common clock signal to the bus 
master and the one or more bus slaves. 

Referring noW to FIG. 1, a ?rst embodiment of a bus system 
employed for communication betWeen a bus master 10 and 
bus slaves 11, 12 and 13 is shoWn. As indicated by dots 
betWeen bus slaves 11 and 12, the embodiment shoWn is not 
limited to three bus slaves, but any number of bus slaves may 
be present. 

In this respect, the term “bus master” generally refers to an 
entity Which controls operation of the bus, for example 
assigns addresses and the like to the bus slaves and initiates 
communication via the bus. The term “bus slave”, on the other 
hand, relates to an entity Which receives such information 
from the bus master and responds to communications from 
the bus master. 

In the embodiment shoWn, bus master 10 is a digital front 
end of a communication system, for example a voice com 
munication system, and bus slaves 11, 12 and 13 are analog 
front ends. In particular, in the embodiment shoWn, the bus 
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2 
slaves are coupled to communication lines (not shoWn) to 
receive or send analog data via these communication lines, 
convert the analog data into digital data to be forWarded to bus 
master 10 serving as digital front end for further processing of 
the digital data, or to convert digital data received from bus 
master 10 into analog data and send the same over the com 
munication lines. In case of voice data, the system may for 
example be a voice over IP system or a POTS (Plain Old 
Telephone System) system, but other types of voice or more 
general audio systems are also possible in other embodi 
ments. 
The embodiment of the bus shoWn in FIG. 1 comprises a 

?rst data line 14, a second data line 15 and a clock line 16. 
First data line 14 connects a receive pin RX of bus master 10 
With transmit pins TX of bus slaves 11, 12 and 13 and thus 
serves for transmitting data from bus slaves 11, 12 and 13 to 
bus master 10. Second data line 15 connects a transmit pin TX 
of bus master 10 With respective receive pins RX of bus slaves 
11, 12 and 13. Therefore, in the embodiment shoWn, second 
data line 15 serves for transmitting data from bus master 10 to 
bus slaves 11, 12 and 13. 
As already mentioned above, bus slaves 11, 12 and 13 

comprise a converter for converting analog signals to digital 
signals and vice versa so that the data transmission on ?rst 
data line 14 and second data line 15 in the embodiment shoWn 
is a digital serial data transmission. 

In the embodiment shoWn, ?rst data line 14 is connected to 
a positive supply voltage VDD via a pull-up resistor 17 such 
that When no signal is applied to ?rst data line 14, the potential 
on ?rst data line 14 is pulled to positive supply voltage VDD 
signifying, in the embodiment shoWn, a logic 1. A similar 
pull-up resistor may be coupled to second data line 15. Pull 
up resistor 17 in an embodiment may have a resistance 
betWeen 1009 and 5009. 

The bus of the embodiment of FIG. 1 furthermore com 
prises clock line 16 connecting clock pins of bus slaves 11, 12 
and 13 and bus master 10, said pins being labeled CLK in FIG. 
1. In embodiments of the present invention, one of these clock 
pins is a clock output outputting a clock signal, Whereas the 
remaining clock pins are clock inputs receiving said clock 
signal such that bus master 10 and bus slaves 11, 12 and 13 
receive the same clock signal. As Will be explained in more 
detail in the folloWing, the clock signal may be output by bus 
master 10 or by one of bus slaves 11, 12 and 13. In other 
embodiments, an external clock signal may be supplied to 
clock line 16. 

Lines 14, 15 and 16 as shoWn each connect all the bus 
slaves With the bus master 10 and may be arranged in a 
star-like or in a linear topology. 

In the embodiment of FIG. 1, the system further comprises 
lines 18, 19, 20, 21 and 22 connecting optional input/output 
pins labeled opt.IO of bus slaves 11, 12 and 13 and of bus 
master 10 With each other. Unlike lines 14-16, optional lines 
18-22 are point-to-point connections each connecting only 
tWo pins With each other. Optional lines 18-22 merely serve as 
examples, and other additional lines may also be present in 
other embodiments. Some possible functions of such optional 
lines Will be discussed With respect to further embodiments. 
As already mentioned above, in embodiments of the inven 

tion, the clock signal on clock line 16 may be generated by 
one of the bus slaves or by the bus master. In the folloWing, the 
entity generating the clock signal Will be designated clock 
master, While the remaining entities receiving the clock signal 
from the clock master Will be designated clock slaves. These 
possibilities Will be further explained With respect to a second 
embodiment shoWn in FIG. 2 and a third embodiment shoWn 
in FIG. 3. 
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In the second embodiment of FIG. 2, a bus master 30 is 
coupled With bus slaves 31, 32 and 33 in a similar manner as 
in the ?rst embodiment of FIG. 1. In particular, the bus 
according to the second embodiment comprises a ?rst data 
line 14, a second data line 15 and a clock line 16, Wherein 
connection and function of ?rst data line 14 and second data 
line 15 are similar to the ?rst embodiment of FIG. 1. Also the 
function of clock line 16 is similar to the one of the embodi 
ment of FIG. 1, but the connection thereof is shoWn in more 
detail. 

In particular, in the embodiment of FIG. 2, bus slave 33 
serves as clock master, i.e., bus slave 33 supplies the clock 
signal to clock line 16 via its clock output CLKO/GNT. This 
clock signal may, in an embodiment, be generated by an 
internal phase locked loop of bus slave 33 using a reference 
clock signal PCLK supplied to a clock input CLKI of bus 
slave 33. Reference clock signal PCLK in turn may for 
example be generated by a quartz oscillator or any other 
means. 

Clock line 16 is furthermore connected to clock inputs 
CLKI of bus slaves 31 and 32 and to clock pin CLK of bus 
master 30 also serving as clock input in the embodiment of 
FIG. 2, such that bus slaves 31 and 32 and also bus master 30 
are supplied With the clock signal output by bus slave 33, i.e., 
are clock slaves. 

Furthermore, in the embodiment of FIG. 2 tWo optional 
lines 34 and 35 similarto lines 19 and 21 of FIG. 1 are present. 
Line 34 connects a RDY/GNT (ready/ grant) input/output pin 
With a corresponding input/output pin of bus slave 32, and 
line 35 connects a CLKO/GNT pin also serving as output pin 
in this case With a RDY/GNT pin of bus slave 31 such that 
lines 34 and 35 connect bus slaves 31-33 in a daisy-chain-like 
manner. This concept may also be extended to more than three 
bus slaves. Lines 34 and 35 in embodiments of the invention 
are used for initializing the bus system as Will be explained 
later in more detail. 

In the embodiment of FIG. 2, bus slaves 31-33 as explained 
above have pins Which may serve more than one function. For 
example, in bus slave 33 the CLKO/GNT pin serves for 
outputting the clock signal on clock line 16, Whereas in bus 
slave 32 it serves for sending a signal via line 35 to RDY/GNT 
pin of bus slave 31. On the other hand, in bus slave 33 the 
RDY/GNT pin serves as output for sending a signal via line 
34 to bus slave 32, Whereas in bus slave 31 and 32 said pin 
serves as input. In other embodiments, these functions of the 
pins may be separated, for example by providing a clock 
output pin, a pin for sending information to another clock 
slave and a pin for receiving information from another clock 
slave. Further pins for further purposes may also be present in 
embodiments of the present invention. 

Athird embodiment shoWn in FIG. 3 shoWs a system Where 
the clock signal is generated by bus master 37 Which other 
Wise is similar to bus master 30 or bus master 10 of FIGS. 2 
and 1, respectively. The clock signal is output on a pin labeled 
CLK to a clock line 16 and transmitted via clock line 16 to 
clock inputs labeled CLKI of bus slaves 31, 32 and 36. The 
bus of the embodiment of FIG. 3 further comprises a ?rst data 
line 14 and a second data line 15 Which are employed in the 
same manner as in the embodiment of FIGS. 1 and 2. 

SomeWhat similar to the embodiment of FIG. 2, bus slaves 
31, 32 and 36 are connected in a daisy chain. In the embodi 
ment ofFIG. 3, a logic 1 is set via a line 41 to a RDY/GNT pin 
of bus slave 36, a CLKO/GNT pin of bus slave 36 is coupled 
via a line 38 With RDY/GNT pin of bus slave 32, and CLKO/ 
GNT pin of bus slave 32 is coupled via a line 35 With RDY/ 
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4 
GNT pin ofbus slave 31. Again, lines 35, 38 and 41 are used 
in an embodiment during the initialiZation of the system 
Which Will be described later. 
As already explained With respect to FIG. 1, the number of 

bus slaves is not limited to three as shoWn in FIGS. 2 and 3, but 
any number of bus slaves may be present. For the con?gura 
tion of FIG. 2 Where a bus slave is clock master, embodiments 
are shoWn comprising one bus slave, tWo bus slaves and four 
bus slaves in FIGS. 4, 5 and 6, respectively. Similar variations 
may be performed With the embodiment of FIG. 3. 

Inparticular, in the embodiment of FIG. 4 a single bus slave 
33 serving as clock master similar to bus slave 33 of FIG. 2 is 
present. In FIG. 5, a bus slave 33 as clock master and a further 
bus slave 32 are present, such that bus slave 31 and the 
connections thereWith have been omitted When compared to 
the situation of FIG. 2. Finally, in FIG. 6, When compared 
With FIG. 2 a fourth bus slave 39 Which is also connected to 
?rst data line 14, second data line 15 and clock line 16 and a 
RDY/GNT pin of Which is coupled via a line 40 With a 
CLKO/GNT pin of bus slave 31 is provided. OtherWise, the 
embodiments of FIGS. 4, 5 and 6 correspond to the embodi 
ment of FIG. 2. It is to be noted that in other embodiments the 
number of bus slaves present may be different than four. 

Next, embodiments of a method for initialiZing a bus sys 
tem, for example a bus system according to the embodiments 
of FIGS. 1-6, Will be discussed With reference to FIGS. 7 and 
8. The embodiments described provide mechanisms for 
assigning base addresses and delays to bus slaves of a bus 
system and for determining a clock master supplying a clock 
signal to the bus system. Other embodiments may implement 
only some of these functions. 

Turning noW to FIG. 7, flow diagrams of embodiments of 
initialiZation routines are shoWn, Wherein the routine shoWn 
on the left side of FIG. 7 (method steps 50-59) are executed in 
a bus master (for example bus master 10, 30, 37 of the 
embodiment of FIGS. 1-6), Whereas the routine shoWn on the 
right side of FIG. 7 (method steps 60-78) are executed in the 
respective bus slaves (reference numerals 11-13, 31-33, 36 
and 39 of the embodiments of FIGS. 1-6). As indicated by 
arroWs in FIG. 7, these routines interact. 

In the bus master, in step 50 a reset is performed to start the 
routine, Which may be a reset When the system is turned on or 
a reset during operation. 

In step 51, an internal setup is performed by the bus master, 
Which in embodiments may comprise reading setup informa 
tion from a storage. Also, if the bus master is clock master, the 
clock output is activated. In the embodiment discussed, a 
clock frequency of 32.768 MHZ is used. HoWever, in other 
embodiments other clock frequencies may be used as Well. 
Furthermore, in other embodiments the activation of the 
clock output in case the bus master is clock master may be 
performed betWeen steps 51 and 52 or simultaneously With 
step 52 or at some other convenient point. 

In step 52, an 8 kHZ signal is sent via a transmit pin of the 
bus master, Which in the embodiments of FIGS. 1-6 is coupled 
to second data line 15. This 8 kHZ signal as Will be explained 
later When discussing the initialiZation routines of the bus 
slaves is used as a time normal in the bus slaves. As indicated 
by step 53, this sending of the 8 kHZ signal is maintained until 
the receive pin of the bus master, Which in the embodiment of 
FIGS. 1-6 is coupled to ?rst data line 14, assumes a logic 1 
corresponding, eg to a positive supply voltage. This logic 1 
of the receive line in the embodiment shoWn indicates that 
clocking is established in all bus slaves. When this is the case, 
in step 54 the sending of the 8 kHZ signal is terminated. 

In step 55, a base address and a delay are sent to a broadcast 
address, i.e. sent to all bus slaves. As Will be explained When 
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discussing the routine on the slave side, one of the bus slaves 
recognizes this bus address and delay as its base address and 
delay, and after having received this information sets an inter 
nal bit designated RDY-bit (ready bit) to 1. Consequently, in 
step 56 the bus master reads (“polls”) the ready bit of the 
current base address, i.e., the base address sent in step 55, and 
in step 57 Waits until said ready bit assumes a logic 1 such that 
the bus master knoWs that this base address and delay have 
been correctly received. 

In step 58 it is determined Whether the link establishment is 
complete. If this is not the case, steps 55-57 are repeated With 
the next base address and possibly a different or the same 
delay to be assigned to the next bus slave. If the link estab 
lishment is complete, in step 59 the setup is ?nished, i.e. all 
base addresses and delays have been assigned to the bus 
slaves. 

To determine Whether the link establishment is complete, 
in different embodiments different methods may be used. For 
example, in an embodiment the number of bus slaves may be 
stored in the bus master such that the bus master knoWs hoW 
many times steps 55-57 have to be performed. In other 
embodiments, the last bus slaves to receive base address and 
delay, send a signal to the bus master to indicate that the link 
establishment is complete, for example, via the ?rst data line 
14, the second data line 15 or an optional line like line 22 in 
FIG. 1. 

In still other embodiments, the link establishment is 
assumed to be complete When after a certain time still no 
ready bit of l is returned in step 57 indicating that no further 
bus slaves are present using the last base address sent in step 
55. 

Next, the corresponding routine for the bus slaves of the 
embodiments of FIG. 7 Will be discussed. The routine starts in 
step 60 With a reset, Which as in step 50 on the bus master side 
may be a reset at poWerup of the system or a reset during 
operation of the system. With the reset, in the embodiment of 
FIG. 7, a transmit pin of the respective slave is set to 0, said 
transmit pin being coupled to the receive pin of the bus master 
via ?rst data line 14 in the embodiments of FIGS. 1-6. A clock 
output of the bus slaves is also set to 0, said clock output 
corresponding to the pin labeled CLKO/GNT in the embodi 
ments of FIGS. 2-6. Finally, in the embodiment of FIG. 7 also 
the RDY/GNT pin shoWn in the embodiments of FIGS. 2-6 is 
set to 0. 

In step 61, a frequency detection of a frequency applied to 
the clock input of the bus slave (labeled CLKI in the embodi 
ments of FIGS. 2-6) is performed until a lock, i.e., a stable 
frequency detection, is determined in step 62. An embodi 
ment of this frequency detection Will be explained later in 
detail With reference to FIG. 8. The frequency detection rou 
tine according to this embodiment yields a value n indicating 
the detected frequency in multiples of 512 kHZ. 

In step 63 it is determined if this variable n equals 64 
indicating a frequency of 32.768 MHZ Which, as already 
explained, is in the embodiment shoWn as the operating fre 
quency of the system. In case a different operating frequency 
is used for the system in a different embodiment, it is deter 
mined in step 63 if this different frequency is present. 

The presence of said frequency of 32.768 MHZ indicates 
that this frequency is generated by another entity in the bus 
system or, in other Words, that another entity is clock master 
and therefore the bus slave on Which the routine of FIG. 7 runs 
is clock slave. In this case, the routine continues With step 64. 
On the other hand, if no such frequency is present, no other 
clock master exists and therefore the bus slave on Which the 
routine is executed is clock master. In this case, the routine is 
continued With step 71. 
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6 
Next, the portion of the diagram of FIG. 7 starting With step 

64, i.e., the case When the bus slave is clock slave, Will be 
discussed. 

In step 64, the transmit pin of the bus slave Which is con 
nected to ?rst data line 14 in the embodiments of FIGS. 1-6 is 
“released”, i.e., no longer set to 0 as performed in step 60 
explained above. When all bus slaves “release” their transmit 
pin, or in other Words no bus slave sets the transmit pin to 0, 
the corresponding line is, in the embodiments of FIGS. 1-6, 
pulled to a high state or logic 1 via pullup resistor 17 and thus 
set to 1 Which then, as already explained With respect to step 
53, indicates to the bus master that clocking is established for 
all bus slaves. Pullup resistor 17 may be arranged externally at 
the system board or in any one of bus master 10 and bus slaves 
11-13. 

In step 65, the RDY/GNT pin is set to input, Which relates 
to the embodiment of FIGS. 2 and 6 Where said pin of the bus 
slave is shoWn. As shoWn in FIGS. 2-6, the bus slaves are 
connected in a daisy chain using the RDY/GNT pin as input 
for all bus slaves Which are also clock slaves.According to the 
embodiment of FIG. 7, a logic 1 on the RDY/GNT pin indi 
cates to the bus slave that the next address and delay sent to the 
broadcast address in step 55 are intended for it. Therefore, in 
steps 66 and 67 a loop is performed Waiting for the signal at 
the RDY/GNT pin to become 1. 
When the RDY/GNT pin assumes a l, in steps 68 and 69 a 

further Wait loop is performed until address and delay are 
received via the broadcast address (see step 55). When 
address and delay are received, these are stored in the bus 
slave. Finally, in step 70 the CLKO/GNT pin of the bus slave 
is set to 1 before in step 78 the setup is ?nished and the internal 
ready bit of the bus slave is set to 1 such that, in step 57, the bus 
master may detect that the setup for this bus slave is ?nished. 
The procedure implemented by steps 66-70 of the embodi 

ment of FIG. 7 Will be further explained With reference to the 
embodiment shoWn in FIG. 3 Where all the bus slaves are 
clock slaves. In this case, as can be seen in FIG. 3, the 
RDY/GNT pin of bus slave 36 is fed a logic 1. When bus 
master 37 therefore sends a base address and delay to the 
broadcast address for the ?rst time (step 55 in FIG. 7), bus 
slave 36 has a l at its RDY/GNT pin, Whereas the remaining 
bus slaves have a 0 at their RDY/GNT pin. Consequently, bus 
slave 36 knoWs that the base address and delay sent are 
intended for it and stores this base address and delay. Subse 
quently, according to step 70 bus slave 36 sets its CLKO/GNT 
pin to 1 Which in turn sets, via line 38, the RDY/GNT pin of 
bus slave 32 to 1. Therefore, bus slave 32 knoWs that the next 
base address and delay broadcast by the bus master are its 
base address and delay. Again, in step 70 this bus slave 32 sets 
its CLKO/GNT pin to 1 after having received its address and 
delay therefore setting the RDY/GNT pin of bus slave 31 to 1 
indicating to bus slave 31 that the next base address is 
intended for it. In other Words, seen in FIG. 3 the base 
addresses and delay are assigned from the bottommost slave 
depicted in FIG. 3 to the topmost bus slave depicted in FIG. 3. 
Of course, this schematic representation does not imply any 
actual order of the placement of the bus slave on a circuit 
board or in an electronic circuit. 
The same procedure essentially is carried out in the 

embodiments of FIGS. 2, 5 and 6 for the bus slaves except for 
bus slave 33 Which is clock master according to the embodi 
ment shoWn. The procedure performed in the clock master 
Will next be described again referring to FIG. 7. 
When in step 63 it is determined that the bus slave is clock 

master, in step 78 an internal phase locked loop (PLL) of the 
clock master is booted, said PLL being provided in the 
embodiment discussed to generate the clock signal of 32.768 












